Abstract. Porcine circovirus 2 (PCV2) is a recently identified agent that has been associated with postweaning multisystemic wasting syndrome (PMWS) in swine populations. In this report, the potential spectrum of disease associated with PCV2 is expanded by evidence of vertical transmission and associated reproductive failure. PCV2 was isolated from a litter of aborted piglets from a farm experiencing late-term abortions and stillbirths. Severe, diffuse myocarditis was present in 1 piglet associated with extensive immunohistochemical staining for PCV2 antigen. Variable amounts of PCV2 antigen were also present in liver, lung, and kidney of multiple fetuses. The presence of other agents that have been associated with fetal lesions and abortion in swine, including porcine parvovirus, porcine reproductive respiratory syndrome virus, encephalomyocarditis virus, and enterovirus, could not be established.
Porcine circovirus 2 (PCV2) is a recently identified agent that has been consistently associated with postweaning multisystemic wasting syndrome (PMWS) in swine populations in several parts of the world. 3 virtually identical genetically and are distinctly different from the PCV (CCL33; PCV1) that was originally identified in the 1970s as a noncytopathic contaminant of the porcine kidney (PK15) cell line. 9, 13 Pigs with naturally acquired or experimentally induced PCV2 infections may present with progressive weight loss, tachypnea, dyspnea, and jaundice. 2, 3, 5, 6 Gross pathologic findings that have been directly associated with PCV-2 antigen include, lymphadenopathy, interstitial pneumonia, hepatitis and nephritis. 1, 3, 5, 6 An association of PCV2 with abortion or lesions in fetal pigs has not been previously reported. Late-term abortions and farrowings with both stillborn and mummified piglets occurred in a new 450-sow swine facility, which was stocked entirely with first parity gilts. The facility had a farrowing rate of ϳ58% for the first 4 months of operation, with 20% of the reduced farrowing rate accounted for by losses after 13 weeks of gestation. Of the gilts that farrowed, mummified and stillborn piglets initially accounted for 75% of an average litter of 12. These losses decreased to 7% over the next 4 months, and the farrowing rate rose to 77%. Mammary development without subsequent farrowing was observed in several gilts. Many of these gilts expelled mummified fetuses a few weeks later when reproductive cycling resumed. Symptoms of clinical disease were not noted in the gilts themselves. Gilts had received 1 dose of an inactivated vaccine containing parvovirus and leptospiral antigens prior to breeding. The gilts were bred naturally by boars obtained from herds serologically negative for porcine reproductive respiratory syndrome virus (PRRSV).
A litter received for postmortem examination consisted of 9 fetuses that appeared to have died at various stages of gestation. There were 2 mummified, 2 macerated, 3 autolyzed, and 2 fresh stillborn piglets. Gross lesions were observed in 1 partially autolyzed fetus only. In this fetus, both ventricles of the heart were dilated, the liver was enlarged and firm, and there was both hydrothorax and ascites. Histopathologically, there were extensive areas of myocardial degeneration or necrosis with edema and mild fibrosis and a diffuse moderate infiltration of lymphocytes and macrophages. There was marked generalized hepatic congestion and hepatocellular loss. The spleen and kidneys were also congested. Significant histologic lesions were not detected in the other fetuses.
Immunohistochemical staining for PCV2 was performed as previously described on sections of formalin-fixed, routinely processed and embedded tissue using a rabbit polyclonal antiserum and a monoclonal antibody that were raised against PCV2. 5, 6 In the fetus with the dilated cardiomyopathy and myocarditis, there was extensive staining for PCV2 antigen throughout the affected myocardium ( Fig. 1) . Staining was most extensive in areas of necrosis and appeared to involve primarily myocytes. Both cytoplasmic and nuclear staining was present. In multiple fetuses, there was extensive staining in the liver. Circoviral antigen was predominantly detected in sinusoidal endothelium and Kupffer cells in some sections, whereas in others fetuses, including the 1 with myocarditis, there was also staining of hepatocytes. Positively stained cells were scattered throughout the lung and multifocally in the kidney. Polymerase chain reaction (PCR) for amplification of PCV2 was performed as previously described using frozen tissue. 6 A PCR product of the expected size for PCV2 was amplified from fetal tissue (Fig. 2) . PCV2 was isolated from the fetus with myocarditis and from a pool of tissues from other fetuses in the litter by inoculating tissue homogenates onto PCV-free PK15 cells.
Fetal tissues were also examined for other viral pathogens that have been associated with fetal injury and abortions in swine, including porcine parvovirus (PPV), PRRSV, encephalomyocarditis virus (EMCV), and enterovirus. PPV antigen was not detected by fluorescent antibody testing on frozen sections of lung, liver, and spleen from the mummified or stillborn fetuses. Homogenates of liver, lung, and spleen from the aborted fetuses were also inoculated into cultures of PCV-free PK15 cells, primary porcine fallopian tube cells, and Vero cells. Cytopathic viruses were not detected after 3 passages. Tissues were negative for PPV with PCR using conditions and primers previously described 11 (Fig. 2) .
PRRSV antigen was not detected by immunohistochemical staining. Serology performed on samples obtained from incoming, mid gestational and aborting gilts on 2 separate occasions indicated that the herd remained seronegative throughout the outbreak. In contrast, cross-sectional sampling of sows and gilts revealed a high prevalence of antibodies to PCV2; however, the source and timing of the PCV2 infection could not be determined.
Fetal lesions and abortions in swine directly associated with PCV2 have not been previously reported. The present report, by extension, includes the first documentation of vertical transmission of the virus. In a previous study, PCV1 was isolated from 2 of 160 pig fetuses examined, implying that this group of viruses can be vertically transmitted; however, PCV1 antigen could not be associated with any lesions in tissue. 2 The exclusion of other agents that have been associated with fetal lesions and abortion in swine, including PPV, 4,10 PRRSV, 8 EMCV, 7 and enterovirus, 12 indicate that PCV2 alone can cause significant fetal pathology and subsequent abortion.
Currently the timing and mechanisms of natural transmission of PVC2 is not known. The wasting syndrome associ- ated with PCV2 infection most often occurs in 5-12-weekold pigs. 3, 5 Experimental infection of neonatal swine indicates a relatively long prodromal period between infection with PCV2 and the development of clinical signs. 1, 6 Together these findings suggest that the virus is transmitted vertically or in the perinatal period. Therefore, the results of this investigation have implications for the epidemiology of PCV2 infections. Intrauterine vertical transmission of PCV2 may result in abortion, and piglets sublethally infected in utero may subsequently develop PMWS. This latter possibility is currently under investigation.
